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( 57 ) ABSTRACT 
A carbene - coated metal foil is produced by applying an 
N - heterocyclic carbene ( NHC ) compound to one or more 
surfaces of a metal foil ( e . g . , an electrodeposited copper foil 
having a surface that is smooth and non - oxidized ) . The NHC 
compound contains a matrix - reactive pendant group that 
includes at least one of a vinyl - , allyl - , acrylic - , meth 
acrylic - , styrenic - , amine - , amide - and epoxy - containing 
moiety capable of reacting with a base polymer ( e . g . , a 
vinyl - containing resin such as a polyphenylene oxide / trial 
lyl - isocyanurate ( PPO / TAIC ) composition ) . The NHC com 
pound may be synthesized by , for example , reacting a 
halogenated imidazolium salt ( e . g . , 1 , 3 - bis ( 4 - bromo - 2 , 6 
dimethylphenyl ) - 4 , 5 - dihydro - 1H - imidazol - 3 - ium chloride ) 
and an organostannane having a vinyl - containing moiety 
( e . g . , tributyl ( vinyl ) stannane ) in the presence of a palladium 
catalyst . In some embodiments , an enhanced substrate for a 
printed circuit board ( PCB ) is produced by laminating the 
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COATING METAL FOIL WITH ( PCBs ) , a silane coupling agent is often used to join a 
N - HETEROCYCLIC CARBENE varnish coating ( e . g . , an epoxy - based resin ) to a substrate 

COMPOUNDS CONTAINING ORGANIC ( e . g . , glass cloth ) to define a laminate , or laminated struc 
FUNCTIONALITIES FOR IMPROVING ture . During the manufacture of PCBs , considerable atten METAL - TO - RESIN ADHESION 5 tion is focused on the bond strength of the resin to the glass 

CROSS - REFERENCE TO RELATED cloth . If the bond strength is insufficient , subsurface con 
APPLICATION ductive anodic filament ( CAF ) growth may occur . CAF 

formation causes a number of reliability issues and can 
This patent application is a continuation application of result in catastrophic failure of PCBs , which in some 

pending U . S . patent application Ser . No . 14 / 557 , 818 , filed " instances can cause fires . The silane coupling agent typically 
Dec . 2 , 2014 , entitled “ COATING METAL FOIL WITH consists of an organofunctional group to bind to the varnish 
N - HETEROCYCLIC CARBENE COMPOUNDS CON coating and a hydrolyzable group ( typically , one or more 
TAINING ORGANIC FUNCTIONALITIES FOR alkoxy groups on a silicon atom ) that binds to the surface of 
IMPROVING METAL - TO - RESIN ADHESION ” , which is the substrate . In particular , the alkoxy groups on the silicon hereby incorporated herein by reference in its entirety . atom hydrolyze to silanols , either through the addition of 

BACKGROUND water or from residual water on the surface of the substrate . 
Subsequently , the silanols react with hydroxyl groups on the 

The present invention relates in general to improving surface of the substrate to form a siloxane bond ( Si - O _ Si ) 
metal - to - resin adhesion in printed circuit boards . More par - 20 and eliminate water . 
ticularly , the present invention relates to coating metal foil For the specific case of epoxy - based laminates , the orga 
with N - heterocyclic carbene ( NHC ) compounds containing nofunctional group that has been found to exhibit desirable 
matrix - reactive pendant groups capable of reacting with a performance based on numerous criteria is vinylbenzylam 
base polymer . inoethylaminopropyl and also benzylaminoethylaminopro 

25 pyl . Silane coupling agents , which include this organofunc 
SUMMARY tional group , are thought to covalently bond to the epoxide 

functional groups of the traditional epoxy - based resin , such In accordance with some embodiments of the present as the well known FR4 epoxy resins , through the secondary invention , a carbene - coated metal foil is produced by apply 
ing an N - heterocyclic carbene ( NHC ) compound to one or nitrogens of the amino groups . While a plethora of silane 
more surfaces of a metal foil ( e . g . , an electrodeposited 30 ro deposited 30 coupling agents exists , the industry workhorse for coupling 
copper foil having a surface that is smooth and non - oxi epoxy - based resins has been vinylbenzylaminoethylamino 
dized ) . The NHC compound contains a matrix - reactive propyltrimethoxysilane ( commercially available as Dow 
pendant group that includes at least one of a vinyl - , allyl - , Corning Z - 6032 ) . 
acrylic - , methacrylic - , styrenic - , amine - , amide - and epoxy - The PCB industry has recently migrated away from the 
containing moiety capable of reacting with a base polymer 35 traditional FR4 epoxy based resins ( due to lead - free require 
( e . g . , a vinyl - containing resin such as a polyphenylene m ents and the higher soldering temperatures associated with 
oxide / triallyl - isocyanurate ( PPO / TAIC ) composition ) . The tin - silver - copper alloys ) . Hence , current varnish coatings are 
NHC compound may be synthesized by , for example , react - typically no longer comprised of FR4 epoxies , rather they 
ing a halogenated imidazolium salt ( e . g . , 1 , 3 - bis ( 4 - bromo - are more likely to be vinyl - containing resins such as trial 
2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H - imidazol - 3 - ium chlo - 40 lylcyanurate , bismaleimide triazine ( BT ) resins or polyphe 
ride ) and an organostannane having a vinyl - containing nylene oxide / triallyl - isocyanurate ( PPO / TAIC ) interpen 
moiety ( e . g . , tributyl ( vinyl ) stannane ) in the presence of a etrating networks . Typically , 
palladium catalyst . In some embodiments , an enhanced vinylbenzylaminoethylaminopropyltrimethoxysilane . origi 
substrate for a printed circuit board ( PCB ) is produced by nally developed for traditional FR4 epoxies , is still the laminating the carbene - coated metal foil to a substrate that a " 45 coupling agent utilized to couple , or bond , the glass cloth includes glass fiber impregnated with the base polymer . substrate to the laminate varnish . However , other silane 

BRIEF DESCRIPTION OF THE SEVERAL coupling agents , such as diallylpropylisocyanuratet 
VIEWS OF THE DRAWINGS rimethoxysilane , have been proposed for use in making 

high - temperature PCBs . 
Embodiments of the present invention will hereinafter be 50 In the manufacture of PCBs , relatively less attention is 

described in conjunction with the appended drawings , where focused on the adhesion of the resin to copper . Convention 
like designations denote like elements . ally , adhesion of the resin to copper is accomplished by 

FIG . 1 is a chemical reaction diagram showing the syn various conversion coatings ( e . g . , applying an oxide multi 
thesis of an N - heterocyclic carbene ( NHC ) compound con - layer bonder conversion coating to the copper surface ) 
taining organic functionalities to improve metal - to - resin 55 and / or mechanical roughening ( e . g . , copper dendrites may 
adhesion in accordance with some embodiments of the be grown on the rough side of electrodeposited ( ED ) copper 
present invention . foil ) . 

FIG . 2 is a block diagram showing a metal foil having its The conventional electrodeposited copper manufacturing 
surface modified by an N - heterocyclic carbene ( NHC ) com - process , which electrolytically deposits copper from a cop 
pound containing organic functionalities to improve metal - 60 per electrolyte solution onto a rotating titanium drum , pro 
to - resin adhesion in accordance with some embodiments of duces copper foil that has a rough side ( also referred to as the 
the present invention . “ matte side " ) and a smooth side ( also referred to as the 

" drum side ” ) . The rough ( matte ) side of ED copper foil 
DETAILED DESCRIPTION typically has a root - mean - square ( RMS ) surface roughness 

65 of R , > 0 . 3 um . On the other hand , the smooth ( drum ) side of 
The basic concept behind a coupling agent is to join two ED copper foil typically has an RMS surface roughness of 

disparate surfaces . In the case of printed circuit boards R 50 . 5 um . 
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Rolled copper foil , which is made by exposing a billet of vinyl , allyl , acrylic , methacrylic , styrenic , etc . In accordance 
pure copper to successive cold rolling operations , is typi with some embodiments of the present invention , selection 
cally the smoothest . Each side of rolled copper foil typically of the matrix - reactive pendant group can be tailored to 
has an RMS surface roughness of R 50 . 4 um . enhance bonding to the base polymer of the laminate resin . 
As signal speeds increase ( i . e . , as signal frequency 5 For example , if the base polymer comprises a vinyl 

increases ) , mechanical roughening of the copper foil is no containing resin , then at least one of a vinyl - , allyl - , acrylic - , 
longer an acceptable option to improve resin - to - copper methacrylic - , and styrenic - containing moiety may be 
adhesion because the signal integrity is degraded as the selected as the matrix - reactive pendant group . Selection of 
surface roughness increases . At high signal frequencies , the a vinyl - containing moiety as the matrix - reactive pendant 
skin effect is more dominant . The " skin effect ” refers to the 10 group , for example , would allow the pendant vinyl group to 
phenomenon wherein electronic signals travel predomi - be available for crosslinking into vinyl - containing laminate 
nantly along the surface of a conductor as opposed to the resins , such as MEGTRON6 ( R - 5775 ) ( i . e . , a PPO / TAIC 
bulk of the conductor . Consequently , it is necessary to composition ) available from Panasonic Corporation , via a 
enhance resin adhesion to copper surfaces that are very free radical mechanism operative in the lamination cycle . On 
smooth ( e . g . , an RMS surface roughness of R , 50 . 5 um ) . 15 the other hand , if the base polymer comprises an epoxy 

In addition to conversion coatings and / or mechanical resin , then at least one of an amine - , amide - and epoxy 
roughening , silane coupling agents are sometimes used to containing moiety may be selected as the matrix - reactive 
improve resin - to - copper adhesion . For example , the rough pendant group . 
side of ED copper foil is typically coated with zinc - nickel or The NHC compound , in accordance with some embodi 
brass , and sometimes subsequently coated with a silane 20 ments of the present invention , can be unsaturated ( imida 
coupling agent , before the rough side of the ED copper foil zol - 2 - ylidine ) or saturated ( 4 , 5 - dihydro - imidazol - 2 
is laminated to the resin . The silane coupling agent of such y lidene ) . Substituents on the NHC compound at the 1 and 3 
treated ED copper foil forms a strong bond with the resin . positions , which may be the same or different from one 
The use of silane coupling agents directly on copper , how - another , generally have one to about twenty carbons atoms . 
ever , is predicated upon forming a strong bond to an 25 Each of these substituents includes , independently , an alkyl 
oxidized copper surface . Oxidation of the copper surface , moiety and / or an aryl moiety . A preferred aryl moiety is a 
like mechanical roughening , degrades signal integrity . phenyl group . Aryl group substituents are preferably substi 
Therefore , it is necessary to enhance resin adhesion not only tuted by one or more alkyl groups . In accordance with some 
to very smooth copper surfaces , but also to clean ( i . e . , embodiments of the present invention , at least one , and 
non - oxidized ) copper surfaces . 30 preferably both , of the substituents on the NHC compound 

In accordance with some embodiments of the present at the 1 and 3 positions includes one or more matrix - reactive 
invention , a carbene - coated metal foil is produced by apply pendant groups . 
ing an N - heterocyclic carbene ( NHC ) compound to one or Examples of suitable NHC compounds that can be used in 
more surfaces of a metal foil ( e . g . , an electrodeposited accordance with some embodiments of the present invention 
copper foil having a surface that is smooth and non - oxi - 35 include , but are not limited to , matrix - reactive pendant 
dized ) . The NHC compound contains a matrix - reactive group substituted derivatives of : N , N - dimethyl - imidazol - 2 
pendant group that includes at least one of a vinyl - , allyl - , ylidene , N , N - diethyl - 4 , 5 - dihydro - imidazol - 2 - ylidene , N , N 
acrylic - , methacrylic - , styrenic - , amine - , amide - and epoxy - di - n - propyl - imidazol - 2 - ylidene , N , N - di ( isopropyl ) - 4 , 5 - di 
containing moiety capable of reacting with a base polymer hydro - imidazol - 2 - ylidene , N , N - di - tert - butyl - imidazol - 2 
( e . g . , a vinyl - containing resin such as a polyphenylene 40 ylidene , N , N - di ( 2 , 2 - dimethylpropyl ) - 4 , 5 - dihydro - imidazol 
oxide / triallyl - isocyanurate ( PPO / TAIC ) composition ) . The 2 - ylidene , N , N - dicyclopentyl - imidazol - 2 - ylidene , N , N - di 
NHC compound may be synthesized by , for example , react - ( cyclohexyl ) - imidazol - 2 - ylidene , N , N - di ( cyclohexyl ) - 4 , 5 
ing a halogenated imidazolium salt ( e . g . , 1 , 3 - bis ( 4 - bromo - dihydro - imidazol - 2 - ylidene , N , N - di ( methylcyclohexyl ) - 4 , 
2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H - imidazol - 3 - ium chlo - 5 - dihydro - imidazol - 2 - ylidene , N , N - di ( adamantyl ) 
ride ) and an organostannane having a vinyl - containing 45 imidazol - 2 - ylidene , N , N - dibenzyl - 4 , 5 - dihydro - imidazol - 2 
moiety ( e . g . , tributyl ( vinyl ) stannane ) in the presence of a ylidene , N , N ' - dinaphthyl - imidazol - 2 - ylidene , N , N - ditolyl 
palladium catalyst . In some embodiments , an enhanced 4 , 5 - dihydro - imidazol - 2 - ylidene , N , N - bis [ 2 , 6 - di ( isopropyl ) 
substrate for a printed circuit board ( PCB ) is produced by phenyl ] - imidazol - 2 - ylidene , N , N - bis [ 2 , 6 - di ( isopropyl ) 
laminating the carbene - coated metal foil to a substrate that phenyl ] - 4 , 5 - dihydro - imidazol - 2 - ylidene , N , N - bis ( 2 , 4 , 6 
includes glass fiber impregnated with the base polymer . 50 trimethylphenyl ) - imidazol - 2 - ylidene , N , N ' - bis ( 2 , 4 , 6 

For purposes of this document , including the claims , the trimethylphenyl ) - 4 , 5 - dihydro - imidazol - 2 - ylidene , N , N - bis 
term “ metal foil ” refers to a thin flexible sheet of any [ 2 , 4 , 6 - tri ( isopropyl ) phenyl ] - imidazol - 2 - ylidene , N , N - bis [ 2 , 
suitable metal . Suitable metals include , but are not limited 6 - di ( tert - butyl ) phenyl ] - 4 , 5 - dihydro - imidazol - 2 - ylidene , 
to , copper , gold , nickel , silver , tin , aluminum , platinum , N , N ' - bis ( triphenylmethyl ) - imidazol - 2 - ylidene , N , N ' - bis ( 1 , 
titanium , zinc , chrome , and alloys thereof . Additionally , the 55 3 - dimethyl - 2 - naphthyl ) - 4 , 5 - dihydro - imidazol - 2 - ylidene , 
metal foil may be a composite of two or more of the suitable and the like . Preferred NHC compounds include matrix 
metals ( e . g . , one surface is copper and the other surface is reactive pendant group substituted derivatives of : N , N - di 
another of the suitable metals ) . Preferably , the metal foil is ( cyclohexyl ) - imidazol - 2 - ylidene , N , N - di ( adamantyl ) - imi 
a copper foil ( e . g . , an ED copper foil or a rolled copper foil ) . dazol - 2 - ylidene , N , N - bis [ 2 , 6 - di ( isopropyl ) phenyl ] 

It is well known in the art that NHCs bond to late 60 imidazol - 2 - ylidene , N , N - bis ( 2 , 4 , 6 - trimethylphenyl ) 
transition metals and gold surfaces . The sigma donating imidazol - 2 - ylidene , N , N - bis [ 2 , 6 - di ( isopropyl ) phenyl ] - 4 , 5 
capability of NHCs make them excellent choices for bond dihydro - imidazol - 2 - ylidene , and N . NP - bis ( 2 , 4 , 6 
ing to smooth copper surfaces . By using the appropriate trimethylphenyl ) - 4 , 5 - dihydro - imidazol - 2 - ylidene . 
functional group pendant from the NHC , coupling of the Suitable NHC compounds that can be used in accordance 
smooth copper surface to the laminate resin can be achieved . 65 with some embodiments of the present invention include 
The appropriate functional group can be selected from matrix - reactive pendant group substituted derivatives of 
matrix - reactive pendant groups including , but not limited to , both NHCs and NHC precursors . An NHC precursor is 
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art . 

converted to an NHC via chemical and / or physical treatment obtained commercially or synthesized using synthetic pro 
( e . g . , via exposure to a base and / or via exposure to heat ) . cedures well known in the art . 
Once an NHC precursor is converted to an NHC , the carbene Suitable reactive - matrix functionalized organostannanes 
moiety ( i . e . , two unpaired electrons ) of the NHC may form that include a methacrylic - containing moiety include , but 
a bond ( e . g . , a covalent bond ) with the metal film . Numerous 5 are not limited to , tributyltin methacrylate ( CAS No . 2155 
NHCs and NHC precursors , as well as methods of synthe - 70 - 6 ) . Tributyltin methacrylate is used in Reaction Scheme 
sizing them , are disclosed in International Publication Num 5 , described below . Suitable reactive - matrix functionalized 
ber WO 2014 / 160471 A2 , the entire contents of which are organostannanes that include a methacrylic - containing moi 
hereby incorporated herein by reference . ety may be obtained commercially or synthesized using 

FIG . 1 is a chemical reaction diagram showing the syn - " synthetic procedures well known in the art . 
thesis of an N - heterocyclic carbene ( NHC ) compound con - Suitable reactive - matrix functionalized organostannanes 
taining organic functionalities to improve metal - to - resin that include a styrenic - containing moiety include , but are not 
adhesion in accordance with some embodiments of the limited to , ( z ) - tributyl ( 4 - vinylstyryl stannane . ( Z ) - tributyl 
present invention . In the synthetic procedure shown in FIG . 15 ( 4 - vinylstyryl ) stannane is used in Reaction Scheme 6 , 
1 , a brominated imidazolium salt ( i . e . , 1 , 3 - bis ( 4 - bromo - 2 , described below . Suitable reactive - matrix functionalized 
6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H - imidazol - 3 - ium chlo organostannanes that include a styrenic - containing moiety 
ride ) and a matrix - reactive functionalized organostannane may be obtained commercially or synthesized using syn 
are reacted in the presence of a palladium catalyst in a Stille thetic procedures well known in the art . 
coupling to produce an NHC compound containing organic 20 Suitable reactive - matrix functionalized organostannanes 
functionalities to improve metal - to - resin adhesion . that include an amine - containing moiety may be obtained 

The 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - co commercially or synthesized using synthetic procedures 
1H - imidazol - 3 - ium chloride used in the synthetic procedure W 
shown in FIG . 1 may be synthesized , for example , via Suitable reactive - matrix functionalized organostannanes 
Reaction Scheme 1 . described below . 1 . 3 - bis ( 4 - bromo - 2 . 6 - 25 that include an amide - containing moiety may be obtained 
dimethylphenyl ) - 4 , 5 - dihydro - 1H - imidazol - 3 - ium chloride commercially or synthesized using synthetic procedures 
is an exemplary halogenated imidazolium salt . Any suitable well known in the art . 
halogenated imidazolium salt may be used in the synthetic Suitable reactive - matrix functionalized organostannanes 
procedure shown in FIG . 1 in lieu of , or in addition to that include an epoxy - containing moiety may be obtained 
1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H - imi - 30 commercially or synthesized using synthetic procedures 
dazol - 3 - ium chloride . well known in the art . 

The matrix - reactive functionalized organostannane used The 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro 
1H - imidazol - 3 - ium chloride used in the synthetic procedure in the synthetic procedure shown in FIG . 1 is represented by 

the following formula R , SnBuz , wherein R , is a matrix shown in FIG . 1 may be synthesized , for example , via 
reactive pendant group that includes at least one moiety 35 Reaction Scheme 1 as follows : 
( e . g . , a vinyl - , allyl - , acrylic - , methacrylic - , styrenic - , 
amine - , amide - or epoxy - containing moiety ) capable of 
reacting with a base polymer . Any suitable matrix - reactive Reaction Scheme 1 
functionalized organostannane may be used in the synthetic 
procedure shown in FIG . 1 . Suitable reactive - matrix func - 40 HC ( OET ) 3 
tionalized organostannanes include organostannanes func NH AcOH 
tionalized with a matrix - reactive group R , that includes at 140° C . , 12 h 
least one moiety ( e . g . , a vinyl - , allyl - , acrylic - , methacrylic - , 
styrenic - , amine - , amide - or epoxy - containing moiety ) 
capable of reacting with a base polymer . 45 

Suitable reactive - matrix functionalized organostannanes EtPr2N 
that include a vinyl - containing moiety include , but are not 120° C . , 72 h limited to , tributyl ( vinyl ) stannane ( CAS No . 7486 - 35 - 3 ) . 
Tributyl ( vinyl ) stannane is used in Reaction Scheme 2 , Br 
described below . Suitable reactive - matrix functionalized 50 
organostannanes that include a vinyl - containing moiety may 
be obtained commercially or synthesized using synthetic 
procedures well known in the art . 

Suitable reactive - matrix functionalized organostannanes 
that include an allyl - containing moiety include , but are not 55 
limited to , allyltributylstannane ( CAS No . 24850 - 33 - 7 ) . 
Allyltributylstannane is used in Reaction Scheme 3 , 
described below . Suitable reactive - matrix functionalized Reaction Scheme 1 , which is disclosed in International 
organostannanes that include an allyl - containing moiety Publication Number WO 2014 / 160471 A2 , involves two 
may be obtained commercially or synthesized using syn - 60 steps . These steps are performed according to the general 
thetic procedures well known in the art . procedure of Kuhn et al . , “ A Facile Preparation of Imida 

Suitable reactive - matrix functionalized organostannanes zolinium Chlorides ” , Organic Letters , 2008 , Vol . 10 , No . 10 , 
that include an acrylic - containing moiety include , but are pp . 2075 - 2077 , the entire contents of which are hereby 
not limited to , tributyltin acrylate ( CAS No . 13331 - 52 - 7 ) . incorporated herein by reference . 
Tributyltin acrylate is used in Reaction Scheme 4 , described 65 In the first step of Reaction Scheme 1 , N , N ' - bis ( 4 - bromo 
below . Suitable reactive - matrix functionalized organostan - 2 , 6 - dimethylphenyl ) formimidamide is prepared . A round 
nanes that include an acrylic - containing moiety may be bottom flask is charged with 4 - bromo - 2 , 6 - dimethylaniline 

Br 
C1 C1 

X 

Br Br Br 
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( 12 g , 60 mmol , 2 equiv ) and triethyl orthoformate ( 5 mL , N2 - filled glovebox . Tributyl ( vinyl ) stannane ( 1 . 22 mL , 4 . 20 
30 mmol , 1 equiv ) . Acetic acid ( 86 uL , 1 . 5 mmol ) is then mmol ) and acetonitrile ( 2 . 00 mL ) are then added to the vial . 
added to the flask . The flask is then fitted with a distillation ( Before being added to the vial , the tributyl ( vinyl ) stannane 
head and heated at 140° C . stirring for 12 hours . The solution is deoxygenated using known techniques such as successive 
solidifies to a crude reaction product upon cooling to room 5 cycles of freeze - pump - thaw . ) The vial is then sealed and 
temperature . The crude reaction product is triturated using removed from the glovebox . The vial is heated at 80° C . for 
cold hexanes ( 30 mL ) , collected by vacuum filtration , and 4 . 5 hours with stirring . The reaction product may be purified 
dried in vacuo . using techniques well known in the art . * * * End of Prophetic 

In the second step of Reaction Scheme 1 , 1 , 3 - bis ( 4 - Example of RS2 * * * 
bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H - imidazol - 3 - 10 In a second example , a halogenated imidazolium salt ( i . e . , 
ium chloride is prepared . A Schlenk tube is charged with a the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H 
solution of N , N - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) formimi - imidazol - 3 - ium chloride synthesized via Reaction Scheme 
damide ( 2 . 1 g , 5 mmol , 1 equiv ) prepared in the first step of 1 ) is reacted with allyltributylstannane via palladium - cata 
Reaction Scheme 1 and dichloroethane ( DCE ) ( 3 . 8 mL , 50 15 lyzed Stille coupling to form a bis - ß - methylstyrene deriva 
mmol , 10 equiv ) , and the solution is stirred . Diisopropyl - tive NHC compound as shown in Reaction Scheme 3 as 
ethylamine ( DIPA ) ( 0 . 96 mL , 5 . 5 mmol , 1 . 1 equiv ) is then follows : 
added to the stirred solution . The Schlenk tube is evacuated 
until the solvent begins to bubble , then sealed under static 
vacuum and heated to 120° C . for 72 hours . The reaction 20 Reaction Scheme 3 

mixture is then cooled to room temperature , and excess 
dichloroethane is removed in vacuo . The residue is triturated 
using acetone or hot toluene , collected by vacuum filtration , 
washed with excess solvent , and dried in vacuo . 

In a first example , a halogenated imidazolium salt ( i . e . , 25 . 
the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H 
imidazol - 3 - ium chloride synthesized via Reaction Scheme Br Br 
1 ) is reacted with tributyl ( vinyl ) stannane via palladium Pd2 ( dba ) 3 , ( Bu3PH ) + BF4 
catalyzed Stille coupling to form a vinyl - functionalized Buz CsF , NMP , 100°C . NHC compound as shown in Reaction Scheme 2 as follows : 30 o 

+ 

Reaction Scheme 2 + 

35 

+ 

Br Br 

SnBuz MeCN , 80º C . 

+ 

Reaction Scheme 3 , which is disclosed in International 
Publication Number WO 2014 / 160471 A2 , produces the Br 40 bis - b - methylstyrene derivative , rather than the bis - allyl , as Pd2 ( dba ) 3 , P ( 2 - Fur ) 3 the result of [ NHC - Pd - H ] * - catalyzed allyl isomerization . 
The bis - ß - methylstyrene derivative NHC compound pro 
duced via Reaction Scheme 3 , above , contains bis - b - meth 
ylstyrene functionalities that are much less reactive ( com 

45 pared to allyl functionalities ) with a base polymer . Selection 
of an allyl - containing moiety , on the other hand , as the 
matrix - reactive pendant group allows the pendant allyl 
group to be available for crosslinking into vinyl - containing 
laminate resins , for example , via a free radical mechanism 

50 operative in the lamination cycle . 
The vinyl - functionalized NHC compound produced via 

Reaction Scheme 2 , above , contains vinyl functionalities Prophetic Example of RS3 
that can react with a base polymer . Selection of a vinyl 
containing moiety as the matrix - reactive pendant group Some of the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 
allows the pendant vinyl group to be available for cross - 55 dihydro - 1H - imidazol - 3 - ium chloride synthesized via Reac 
linking into vinyl - containing laminate resins , for example , tion Scheme 1 ( 946 mg , 2 . 00 mmol ) , tris ( dibenzylideneac 
via a free radical mechanism operative in the lamination etone ) dipalladium ( 0 ) ( 110 mg , 0 . 12 mmol ) and tri - tert 
cycle . butylphosphonium tetrafluoroborate ( 76 mg , 0 . 13 mmol ) are 

added into a vial with a stir bar . The vial containing the 
Prophetic Example of RS2 60 mixture is brought into an N - filled glovebox . To the vial are 

added first cesium fluoride ( 1 . 28 g , 8 . 4 mmol ) , then allyl 
Some of the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - tributylstannane ( 1 . 30 mL , 4 . 20 mmol ) , and then N - methyl 

dihydro - 1H - imidazol - 3 - ium chloride synthesized via Reac 2 - pyrrolidone ( 2 . 0 mL ) . ( Before being added to the vial , the 
tion Scheme 1 ( 946 mg , 2 . 00 mmol ) , tris ( dibenzylideneac - allyltributylstannane is deoxygenated using known tech 
etone ) dipalladium ( 0 ) ( 110 mg , 0 . 12 mmol ) and tri ( 2 - furyl ) 65 niques such as successive cycles of freeze - pump - thaw . ) The 
phosphine ( 74 mg , 0 . 32 mmol ) are added into a vial with a vial is then sealed and removed from the glovebox . The vial 
stir bar . The vial containing the mixture is brought into an is heated at 100° C . for 4 . 5 hours with stirring . The reaction 
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Reaction Scheme 5 
product may be purified using techniques well known in the 
art . * * * End of Prophetic Example of RS3 * * * 

In a third example , a halogenated imidazolium salt ( i . e . , 
the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H 
imidazol - 3 - ium chloride synthesized via Reaction an acry 
late - functionalized NHC compound as shown in Reaction 
Scheme 4 as follows : 

N + 

Br Br 
5 

Reaction Scheme 4 

Pd2 ( dba ) , P ( 2 - Fur ) 3 + a & ge f 3 
SnBuz MeCN , 80° C . 

Br Br 

SnBuz 1 Pd2 ( dba ) 3 , P ( 2 - Fur ) 3 
MeCN , 80°C . 3 

N + + 
N . N + ??? ??? 

30 

The acrylate - functionalized NHC compound produced 
via Reaction Scheme 4 , above , contains acrylate function The methacrylate - functionalized NHC compound pro 
alities that can react with a base polymer . Selection of an d uced via Reaction Scheme 4 , above , contains methacrylate 
acrylate - containing moiety as the matrix - reactive pendant functionalities that can react with a base polymer . Selection 
group allows the pendant acrylate group to be available for of a methacrylate - containing moiety as the matrix - reactive 
crosslinking into vinyl - containing laminate resins , for pendant group allows the pendant methacrylate group to be 
example , via a free radical mechanism operative in the available for crosslinking into vinyl - containing laminate 
lamination cycle . 40 resins , for example , via a free radical mechanism operative 

in the lamination cycle . 
Prophetic Example of RS4 Prophetic Example of RS5 

Some of the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - 45 Some of the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 
dihydro - 1H - imidazol - 3 - ium chloride synthesized via Reac - dihydro - 1H - imidazol - 3 - um chloride synthesized via Reac . 
tion Scheme 1 ( 946 mg , 2 . 00 mmol ) , tris ( dibenzylideneac tion Scheme 1 ( 946 mg , 2 . 00 mmol ) , tris ( dibenzylideneac 
etone ) dipalladium ( 0 ) ( 110 mg , 0 . 12 mmol ) and tri ( 2 - furyl ) etone ) dipalladium ( 0 ) ( 110 mg , 0 . 12 mmol ) and tri ( 2 - furyl ) 
phosphine ( 74 mg , 0 . 32 mmol ) are added into a vial with a phosphine ( 74 mg , 0 . 32 mmol ) are added into a vial with a 
stir bar . The vial containing the mixture is brought into an 50 stir bar . The vial containing the mixture is brought into an 
N2 - filled glovebox . Tributyltin acrylate ( 1 . 51 g , 4 . 20 mmol ) N2 - filled glovebox . Tributyltin methacrylate ( 1 . 01 mL , 4 . 20 
and acetonitrile ( 2 . 00 mL ) are then added to the vial . ( Before the vial . ( Before mmol ) and acetonitrile ( 2 . 0 mL ) are then added to the vial . mi 
being added to the vial , the tributyltin acrylate is deoxygen ( Before being added to the vial , the tributyltin methacrylate 
ated using known techniques such as successive cycles of is deoxygenated using known techniques such as successive is deoxygenated using known techniques such as successive 
freeze - pump - thaw . ) The vial is then sealed and removed 55 cycles of freeze - pump - thaw . ) The vial is then sealed and 
from the glovebox . The vial is heated at 80° C . for 4 . 5 hours removed from the glovebox . The vial is heated at 80° C . for 
with stirring . The reaction product may be purified using 4 . 5 hours with stirring . The reaction product may be purified 
techniques well known in the art . * * * End of Prophetic using techniques well known in the art . * * * End of Prophetic 
Example of RS4 * * * 60 Example of RS5 * * * 

In a fourth example , a halogenated imidazolium salt ( i . e . , In a fifth example , a halogenated imidazolium salt ( i . e . , 
the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H - the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - dihydro - 1H 
imidazol - 3 - ium chloride synthesized via Reaction Scheme imidazol - 3 - ium chloride synthesized via Reaction Scheme 
1 ) is reacted with tributyltin methacrylate via palladium - 1 ) is reacted with ( z ) - tributyl ( 4 - vinylstyryl ) stannane via 
catalyzed Stille coupling to form a methacrylate - function - 65 palladium - catalyzed Stille coupling to form a styrene - func 
alized NHC compound as shown in Reaction Scheme 5 as tionalized NHC compound as shown in Reaction Scheme 6 
follows : as follows : 
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Reaction Scheme 6 

N . + 
Pd2 ( dba ) 3 , P ( 2 - Fur ) 3 
MeCN , 80° C . 

Br Br 

SnBuz 

Reaction Scheme 7 
The styrene - functionalized NHC compound produced via 25 

Reaction Scheme 6 , above , contains styrene functionalities 
that can react with a base polymer . Selection of a styrene 
containing moiety as the matrix - reactive pendant group 
allows the pendant styrene group to be available for cross 
linking into vinyl - containing laminate resins , for example , 
via a free radical mechanism operative in the lamination 
cycle . 

1 ) n - BuLi , 
2 ) 0 . 5 eqv . BuzSnci 

THF , - 78°C . 

35 Prophetic Example of RS6 35 

45 

Some of the 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 SnBuz 
dihydro - 1H - imidazol - 3 - ium chloride synthesized via Reac 
tion Scheme 1 ( 946 mg , 2 . 00 mmol ) , tris ( dibenzylideneac - 40 In Reaction Scheme 7 , ( z ) - tributyl ( 4 - vinylstyryl ) stannane 
etone ) dipalladium ( 0 ) ( 110 mg , 0 . 12 mmol ) and tri ( 2 - furyl ) is synthesized by reacting 1 , 4 - divinylbenzene and tributyltin 
phosphine ( 74 mg , 0 . 32 mmol ) are added into a vial with a chloride in the presence of n - butyllithium ( n - BuLi ) . 
stir bar . The vial containing the mixture is brought into an Prophetic Example of RS7 N2 - filled glovebox . ( Z ) - tributyl ( 4 - vinylstyryl ) stannane 
( 1 . 76 g , 4 . 20 mmol ) and acetonitrile ( 2 . 00 mL ) are then Under a nitrogen atmosphere , a THF ( 20 ml ) solution of 
added to the vial . ( Before being added to the vial , the 1 . 4 - divinylbenzene ( 0 . 55 mL . 3 . 87 mmol ) is cooled down to 
( z ) - tributyl ( 4 - vinylstyryl ) stannane is deoxygenated using - 78° C . , and 1 . 6M n - BuLi ( 2 . 50 ml , 4 . 08 mmol ) is slowly 
known techniques such as successive cycles of freeze - pump - added into a vial with a magnetic stir bar . The resulting 
thaw . ) The vial is then sealed and removed from the glove - 50 solution is then increased in temperature to a room tempera 
box . The vial is heated at 80° C . for 4 . 5 hours with stirring . ture , stirred for 1 hour , and cooled again down to - 78° C . 
The reaction product may be purified using techniques well Tributyltin chloride ( 0 . 55 ml , 2 . 04 mmol ) is then added to 
known in the art . * * * End of Prophetic Example of RS6 * * * the solution and then stirred for 2 hours . Then , water ( 80 ml ) 

is added to the resulting solution . The reaction product may 
The NHC compounds produced via Reaction Schemes 55 be purified using techniques well known in the art . * * * End 

2 - 6 , above , are NHC precursors . These NHC precursors , in of Prophetic Example of RS7 * * * 
accordance with some embodiments of the present inven - FIG . 2 is a block diagram showing a metal foil 200 having 
tion , are subsequently converted to corresponding NHCs via its surface 201 modified by an N - heterocyclic carbene 
chemical and / or physical treatment ( e . g . , via exposure to a ( NHC ) compound 202 containing organic functionalities to 
base and / or via exposure to a heat ) . Once NHC precursors 60 improve metal - to - resin adhesion in accordance with some 
produced via Reaction Schemes 2 - 6 are converted to corre embodiments of the present invention . The NHC compound 
sponding NHCs , the carbene moiety ( i . e . , two unpaired 202 forms a carbene film 203 that is bonded to the surface electrons ) of each corresponding NHC may form a covalent 201 of the metal foil 200 to produce a carbene - coated metal 
bond with the metal film . foil 204 . In the NHC compound 202 and the carbene film 

The ( z ) - tributyl ( 4 - vinylstyryl ) stannane used as the 65 203 shown in FIG . 2 , R , represents the matrix - reactive 
organostannane reagent in Reaction Scheme 6 may be pendant groups each of which includes at least one moiety 
synthesized , for example , via Reaction Scheme 7 as follows : ( e . g . , a vinyl - , allyl - , acrylic - , methacrylic - , styrenic - , 
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amine - , amide - or epoxy - containing moiety ) capable of bene ( NHC ) compound comprising a matrix - reactive 
reacting with a base polymer . Once the carbine - coated metal pendant group , and wherein the NHC compound is a 
foil 204 is produced , it may be incorporated into conven vinyl - functionalized NHC compound represented by tional laminate processing techniques . the following formula : The metal foil 200 may be , for example , conventional 5 
electrodeposited ( ED ) copper foil prepared using any suit 
able industry standard processes . In accordance with some 
embodiments of the present invention , the ED copper foil 
200 may be fed into a bath containing the NHC compound 
202 dissolved in suitable solvent . For example , the ED " 
copper foil 200 may be immersed at a predetermined feed 
speed into a solution of the NHC compound 202 dissolved 
in anhydrous tetrahydrofuran ( THF ) and containing 1 . 0M 
potassium hexamethyldisilazide ( KHMDS ) ( in THF ) , which 15 
converts the imidazolium salt to the carbene moiety . The synthesizing the vinyl - functionalized NHC compound by concentration of the NHC compound 202 in the solution reacting 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 - di may be , for example , 40 mM . The solution may be at hydro - 1H - imidazol - 3 - ium chloride with tributyl ( vinyl ) ambient temperature or at some other suitable temperature . stannane via palladium - catalyzed Stille coupling . The feed speed of the ED copper foil 200 through the bath 20 
may be adjusted to alter the thickness of the carbene film 2 . A method for producing an enhanced substrate for a 
203 . A monolayer is sufficient . The feed speed required to printed circuit board ( PCB ) comprising : 
achieve monolayer coverage may be determined empiri providing a substrate , wherein the substrate comprises 
cally . Optionally , the carbene - coated ED copper foil 204 25 glass fiber impregnated with a base polymer , and 
may be washed with one or more organic solvents ( e . g . , wherein the base polymer comprises a vinyl - containing 
THF , dichloromethane , methanol , hexane , and the like ) . The resin ; carbene - coated ED copper foil 204 is subsequently dried by 
any suitable technique known to those skilled in the art . For laminating a carbene - coated metal foil to the substrate , 
example , the carbene - coated ED copper foil 204 may be 30 wherein the carbene - coated metal foil comprises a 
dried via heating for a suitable period of time ( e . g . , 60 conductive surface treated with an N - heterocyclic car 
minutes at 70° C . ) . bene ( NHC ) compound comprising a matrix - reactive 

Once the carbine - coated ED copper foil 204 is produced , pendant group and wherein the NHC compound is an 
it may be incorporated into conventional laminate process - 35 acrylate - functionalized NHC compound represented by 
ing techniques . For example , the carbine - coated ED copper the following formula : 
foil 204 may be laminated to a prepreg 205 comprising a 
sheet of woven glass fiber ( not shown ) impregnated with a 
base polymer that comprises , for example , either a vinyl 
containing resin or an epoxy - containing resin , to produce an 40 
enhanced substrate 206 for a PCB . The lamination and cure 
may be performed in a laminating press , for example , using 
a suitable pressure ( e . g . , 700 psi ) and a suitable heating cycle 
( e . g . , dynamically heating at from 40° C . to 190° C . for 25 4 
minutes and , then , isothermally heating at 190° C . for 3 
hours ) . 

One skilled in the art will appreciate that many variations synthesizing the acrylate - functionalized NHC compound are possible within the scope of the present invention . Thus , by reacting 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 while the present invention has been particularly shown and 50 dihydro - 1H - imidazol - 3 - ium chloride with tributyltin described with reference to preferred embodiments thereof , acrylate via palladium - catalyzed Stille coupling . it will be understood by those skilled in the art that these and 
other changes in form and details may be made therein 3 . A method for producing an enhanced substrate for a 
without departing from the spirit and scope of the present , printed circuit board ( PCB ) comprising : 
invention . providing a substrate , wherein the substrate comprises 
What is claimed is : glass fiber impregnated with a base polymer , and 
1 . A method for producing an enhanced substrate for a wherein the base polymer comprises a vinyl - containing 

printed circuit board ( PCB ) comprising : resin ; 
providing a substrate , wherein the substrate comprises 60 laminating a carbene - coated metal foil to the substrate , 

glass fiber impregnated with a base polymer , and wherein the carbene - coated metal foil comprises a 
wherein the base polymer comprises a vinyl - containing conductive surface treated with an N - heterocyclic car 
resin ; bene ( NHC ) compound comprising a matrix - reactive 

laminating a carbene - coated metal foil to the substrate , 65 pendant group and wherein the NHC compound is a 
wherein the carbene - coated metal foil comprises a styrene - functionalized NHC compound represented by 
conductive surface treated with an N - heterocyclic car the following formula : 

N + 

; and 
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synthesizing the styrene - functionalized NHC compound 8 . The method as recited in claim 2 , wherein the carbene 
by reacting 1 , 3 - bis ( 4 - bromo - 2 , 6 - dimethylphenyl ) - 4 , 5 coated metal foil comprises an electrodeposited copper foil 
dihydro - 1H - imidazol - 3 - ium chloride with ( Z ) - tributyl 13 having a copper surface treated with the NHC compound . 
( 4 - vinylstyryl ) stannane via palladium - catalyzed Stille 
coupling . 9 . The method as recited in claim 8 , wherein the copper 

4 . The method as recited in claim 1 , wherein laminating surface of the electrodeposited copper foil is smooth and 
a carbene - coated metal foil to the substrate includes lami non - oxidized . 
nating the carbene - coated metal foil to a prepreg comprising 20 10 . The method as recited in claim 3 , wherein laminating 
a sheet of woven glass fiber impregnated with the base a carbene - coated metal foil to the substrate includes lami polymer . 

5 . The method as recited in claim 1 , wherein the carbene nating the carbene - coated metal foil to a prepreg comprising 
coated metal foil comprises an electrodeposited copper foil a sheet of woven glass fiber impregnated with the base 
having a copper surface treated with the NHC compound . 25 polymer . 

6 . The method as recited in claim 5 , wherein the copper 11 . The method as recited in claim 3 , wherein the carbene 
surface of the electrodeposited copper foil is smooth and coated metal foil comprises an electrodeposited copper foil 
non - oxidized . having a copper surface treated with the NHC compound . 

7 . The method as recited in claim 2 , wherein laminating 
a carbene - coated metal foil to the substrate includes lami - 30 12 . The method as recited in claim 11 , wherein the copper 
nating the carbene - coated metal foil to a prepreg comprising 30 surface of the electrodeposited copper foil is smooth and 
a sheet of woven glass fiber impregnated with the base non - oxidized . 
polymer . * * * * * 


